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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S352micro-CT and histology. Osteoarthritic and healthy trapezium bones
were subjected to semiquantitative and quantitative analyses to be
graded in four degrees of severity in rizoarthrosis. Speciﬁcally, samples
were analyzed using Dell’s score for x-ray, Brown’s score for visual
analysis and Mankin’s score for histology. Micro-CT was scored based
on a novel quantitative scoring system based on subchondral bone
thickness measurements. Results obtained with each technique were
ﬁnally compared and statistically correlated.
Results: X-ray analysis (Fig. 1A) showed a higher frequency of grade 2
(27%) and grade 3 (32%) compared to grade 4 (5%), whereas visual
analysis (Fig. 1B), micro-CT (Fig. 1C) and histology (Fig. 1D) showed a
lower percentage for grade 2 (18%, 18% and 14%) and grade 3 (23%) and
an increased frequency for grade 4 (45%, 32% and 40%). Only the micro-
CT score of subchondral bone thickness signiﬁcantly correlated with all
the other techniques (P<0.05).
Conclusions: This is the ﬁrst comparison of techniques proposing a
novel scoring system based on objective and quantitativemicro-CT data
that can be applied as a useful diagnostic tool for osteoarthritis, pro-
viding also a deeper comprehension of the pathophysiology of
rizoarthrosis. Importantly, the quantiﬁcation of the subchondral bone
thickness represents a simple, objective and reproducible scoring
method to classify the osteoarthritis of the trapezium bones. This
innovative score to evaluate the severity of rizoarthrosis associatedwith
the micro-CT volume rendering could be good indicators to decide on a
more or less conservative surgical approach such as prosthetic implant
or arthroplasty.
Fig. 1. (A) Representative preoperative antero-posterior x-ray view of the
hand. (B) Stereomicroscopic visual analysis of representative trapezium
bone. (C) Representative micro-CT section of trapezium bone. (D) Repre-
sentative images of histological grades according to Mankin’s system
(H&E).
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OSTEOPHYTES, ENTHESOPHYTES AND INCREASED BONE MASS
TOGETHER MAY HELP TO DEFINE A “BONE-FORMING” SUB-TYPE
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Purpose: Previous studies of skeletal remains have suggested that
enthesophytes (bony spurs arising at entheses) and osteophytes areboth manifestations of an underlying “bone-forming” tendency. Having
previously found a greater prevalence of radiographic hip osteoarthritis
characterised by osteophytes in individuals with high bone mass (HBM)
compared with controls, we used this population to examine possible
inter-relationships between bone mass, enthesophytes and
osteophytes.
Methods: HBM cases were recruited from 15 UK centres by system-
atically screening DXA databases. HBM was deﬁned in index cases as a
total hip Z-scoreþ3.2 and L1 Z-scoreþ1.2, or vice-versa, and in ﬁrst-
degree relatives of index cases as total hip Z-score plus L1 Z-score
þ3.2. Unaffected relatives were recruited as controls, and pooled with
further population controls selected from the Chingford 1000-women
and Hertfordshire cohort studies using age and gender-stratiﬁed ran-
dom sampling. Pelvic radiographs in cases and controls were pooled,
prior to blinded semi-quantitative grading of osteophytes and enthe-
sophytes (0-3) by a single observer. Analyses used logistic / linear
regression, with a priori adjustment for age, gender and BMI.
Results:After excluding incomplete ﬁlms and hip replacements, 226 case
ﬁlms (mean age 63 years, 77% female) and 437 controlﬁlms (mean age 68
years, 79% female)were included in the analysis. The overall prevalence of
enthesophytes (grade 1)was 75% in HBM cases and 58% in controls. The
odds of observing any enthesophyte (grade 1) and moderate entheso-
phytes (grade 2) were increased in HBM cases compared with controls,
with adjusted OR [95% CI] 3.00 [1.96, 4.58], p<0.001 and 4.33 [2.67, 7.02],
p<0.001 respectively. These associations remained robust after excluding
HBM caseswith relevant comorbidities such as diabetes and seronegative
inﬂammatory arthritides (N ¼ 38). On combining cases and controls,
enthesophyte grade was positively associated with bone mineral density
at both the total hip and lumbar spine (adjusted p for trend <0.001). A
positive association was also observed between osteophytes and enthe-
sophytes; for each unit increase in enthesophyte grade, the odds of any
osteophyte was increased over 2-fold, p< 0.001, and this associationwas
similar in HBM cases and controls.
Conclusions: Strong inter-relationships were observed between
osteophytes, enthesophytes and high bone mass. We speculate that this
triad of features may be helpful in deﬁning a distinct subset of osteo-
arthritis characterised by excess bone formation, with potential appli-
cations in future OA studies.
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Purpose: In osteoarthritis (OA), subchondral bone changes have been
related to pain perception, as well to alter the joint’s mechanical envi-
ronment inﬂuencing progression of cartilage degeneration. Less well
known are the exact biochemical interactions between subchondral
bone and cartilage and by which biochemical changes bone may
inﬂuence cartilage degradation. The present study evaluates if bio-
chemical interactions between bone and cartilage contribute to pro-
gression and/or repair processes in OA.
Methods: Human knee subchondral osteoblasts were isolated from
healthy donors (n ¼ 14) and OA patients (n ¼ 16). Osteoblast culture
supernatants were subsequently tested on both healthy and osteo-
arthritic cartilage and changes in proteoglycan (PG) synthesis were
studied. Additionally, osteoblast culture supernatants were assessed for
66 different mediators potentially involved in cartilage modulation by
Luminex analysis.
Results: Supernatant of subchondral osteoblasts cultures of healthy joints
had no effect on the PG-synthesis of healthy cartilage. However, when
supernatants derived of OA joints were added to healthy cartilage cul-
tures, a signiﬁcant decrease in PG-synthesiswas observed (-30%; p<0.001
vs. control). In contrast, supernatants of OA derived osteoblasts had no
effect on OA cartilage. Moreover, supernatant derived from healthy sub-
chondral osteoblast cultures stimulated repair of OA cartilage; an
increased PG synthesis (þ34%;p¼ 0.035)wasobserved. Elevenmediators
were identiﬁed with a difference between healthy and OA derived
osteoblast cultures (table 1). TSLP, MCP-1, Leptin, IL-8, IL-21, IL-1a, GM-
CSF, and Cathepsin-S had higher levels in the OA-osteoblasts, while PAI-1,
IL-6, and Resistin had lower levels compared to healthy osteoblasts.
Conclusions: These data show that biochemical interactions between
bone and cartilage potentially contribute to repair and degradation
Table 1
Different mediators produced by healthy and OA osteoblasts measured by LUMINEX
Osteoblasts TSLP pg/ml PAI-1 ng/ml MCP-1 ng/ml Leptin pg/ml Resitin ng/ml IL-6 ng/ml IL-8 ng/ml IL-21 ng/ml Il-1a pg/ml GM-CSF pg/ml Cathepsin S pg/ml
Healthy 139 184130 79 366151 2032 66 65 212 245 1914 447235
OA 1913 9132 2012 452145 53 33 189 231 296 4326 1114630
p 0.088 0.016 0.003 0.029 0.084 0.055 <0.001 0.034 0.028 <0.001 0.002
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S353processes in OA. Importantly, these data are supportive to target
osteoarthritic bone in OA to modulate cartilage repair.
Figure 1. Biochemical effects of bone on cartilage. Human knee sub-
chondral osteoblasts were isolated form healthy donors (n¼14) and OA
patients (n¼16). Osteoblast culture supernatants were subsequently tes-
ted on both healthy and osteoarthritic cartilage and changes in proteo-
glycan (PG) synthesis were studied (mean % change are given).
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MICROSTRUCTURAL OBSERVATION OF COLLAGEN FIBRILS IN THE
ARTICULAR CARTILAGE REVEALS A STRUCTURAL DIVERGENCE
DEPENDING ON ITS LOCAL MECHANICAL ENVIRONMENT IN
HUMAN FEMORAL HEAD
S. Maniwa y, Y. Sakai y, T. Tadenuma y, Y. Uchio z, M. Kadowaki z. yDept.
of Rehabilitation, Shimane Univ., Izumo, Japan; zDept. of Orthopedic
Surgery, Shimane Univ., Izumo, Japan
Purpose: This study analyzed the pattern of collagen deposition in
normal and degenerative human articular cartilage of the femoral head
by a scanning electron microscope (SEM).
Methods: The femoral heads were obtained from the patients who
received the operation of the total hip arthroplasty or the hemi-
arthroplasty due to osteoarthritis (n ¼ 7), avascular osteonecrosis (n ¼
5), femoral neck fracture, and bone tumor (n ¼ 1) with informed con-
sent. Small pieces of the articular cartilage were dissected from the
femoral head and were stored in Ringer’s lactate. The cartilage was kept
in the beaker with Ringer’s lactate and was replaced in the ultrasonic
bath (42,000 Hz) for 15 min to remove proteoglycans from the articular
surface. The cartilage was ﬁxed with 2% glutaraldehyde and 2% paraf-
ormaldehyde, and then with 1% OsO4. The tissue was dehydrated and
was sputter-coated with Au/Pd. The articular cartilage was examined
under a SEM. A split-line technique was used, in which a dissecting
needle dipped in India ink was inserted in to the cartilage to identify the
surface collagen orientations of the femoral head.
Results: Ultrasonic removed amorphous mucinous deposition on the
articular surface effectively and enabled the observation for ﬁne
architecture of the cartilage. SEM study under low magniﬁcation
revealed that the orientation of collagen ﬁbrils in the superﬁcial layerwas radial from the fovea of the femoral head to the head-neck junction.
This orientation of collagen ﬁbrils corresponded with the split-line on
the femoral head. Hip joint is a ball and socket joint and the direction of
collagen ﬁbrils correlated strongly with preferred alignment of ﬁbrils
suitable for joint motion. Under higher magniﬁcation, collagen ﬁbrils in
the superﬁcial layer ran parallel to the articular surface, oriented ran-
domly from layer to layer, and formed a compact network in the normal
cartilage, The density of collagen ﬁbrils was higher in the superior
aspect of the femoral head (weight bearing surface) and lower in the
inferior aspect (non-weight bearing surface). Chondrocytes, which
were buried in collagen ﬁbrils, could be observed only after shaving the
articular surface. Fractured surface perpendicular to the articular sur-
face showed that collagen ﬁbrils arose in the subchondral bone then
passed towards the surface and arched over to run tangential to the
surface like Benninghoff’s arcade model. In the degenerative cartilage,
derangement and rupture of the collagen network were observed and
those changes developed progressively in accordance with the macro-
scopic severity of osteoarthritis. Chondrocytes in the superﬁcial layer
emerged between the disrupted collagen ﬁbrils. Collagen ﬁbrils in the
superﬁcial layer were swollen and their diameter was thicker than that
of normal cartilage. Vertically oriented collagen ﬁbrils with large
diameter were exposed in the area with macroscopic ﬁbrillation. In the
specimen from the patients with avascular osteonecrosis, collagen
ﬁbrils were almost normal in the early stage of the disease. Breakage of
collagen network was seen in the femoral head with collapse.
Conclusions: Collagen ﬁbrils were deposited parallel to the articular
surface in the superﬁcial zone, and were aligned radially from the fovea
to the margin of the articular cartilage in accordance with the dis-
tribution of the split-line. Collagen meshwork was well preserved in
normal cartilage and was more meticulous in the weight bearing area,
but it was disappeared in the degenerative cartilage. Vertically oriented
collagen ﬁbrils with large diameter and exposed chondrocytes were the
characteristics in degenerative articular cartilage.
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THREE DIMENSIONAL DISTRIBUTION OF HIP CARTILAGE T2
MAPPING ASSESSED BY RADIAL MR IMAGING: COMPARISON
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Purpose: Hip dysplasia is one of the main causes for developing hip
osteoarthritis, and sensitive and accurate detection of early cartilage
lesions is important to estimate disease prognosis and plan con-
servative or surgical treatments. Several quantitative magnetic reso-
nance (MR) imaging techniques have been developed for assessment of
early cartilage degeneration. Though previous hip arthroscopic studies
showed frequent involvement of acetabular cartilage degeneration
predominantly at anterosuperior limited regions before appearance of
radiographic osteoarthritic changes in patients with hip dysplasia, few
studies have reported on three-dimensional evaluation with quantita-
tive cartilage MR imaging in the hip joint. The purpose of this study was
to investigate 3D distribution of cartilage T2 mapping over the whole
acetabular cartilage using radial MRI techniques, and to examine
association between cartilage T2 and adjacent labral lesions in healthy
volunteers and patients with hip dysplasia.
Methods:Nine symptomaticpatientswithhipdysplasia (dysplasiagroup;
all female, mean age; 33 10 years) and eight asymptomatic healthy
volunteers (control group; all female, mean age; 282 years) were eval-
uated with 3.0-T MR imaging system. Patients in the dysplasia group had
mean lateral center edge angle of 5.3 (range; -18 to 17) with no
osteoarthritic changes on plain radiographs. Radial T2 map images of the
unilateral hipwere obtained at 30 intervals passing through the center of
